ABSTRACT: This study investigates whether working memory capacity (WMC) varies across languages and in the course of L2 speech proficiency levels. Following suggestions in Finardi and , who found that WMC varied as a function of L2 speech proficiency, the present study assessed three proficiency levels (elementary, intermediate and advanced) and two languages (L1-Portuguese and L2-English). Two WM tests were used, one in the L1 and another in the L2, both in the speaking mode. Sixty adult learners of English as a foreign language participated in the study: 
Introduction
Information processing theory has been used as a framework to study L2 speech in a systematic way for over a decade now (FORTKAMP, 2008) . A basic tenet of this approach is that human beings process information under the constraints of a limited capacity cognitive system -working memory (WM) -which functions as a computational arena, fueled by limited cognitive resources (attention) that support both the execution of various symbolic computations and the maintenance of intermediate products generated by these computations (JUST; CARPENTER, 1992; FRIEDMAN, 1998) . In this framework, WM is treated as the theoretical construct that refers to the system or mechanism underlying the maintenance of task-relevant information during the performance of a cognitive task (SHAH; MIYAKE, 1999, p. 1) .
Research has shown that limitations in individuals' working memory capacity (WMC) may be seen as a possible independent constraint on the processes involved in L1 speech production (DANEMAN; GREEN, 1986; DANEMAN, 1991) , L2 speech production (FORTKAMP, 2000; FINARDI; PREBIANCA, 2006; XHAFAJ, 2006) and more recently L2 speech development (FINARDI; FINARDI; WEISSHEIMER, 2011; WEISSHEIMER; . These studies have shown that, in general, individuals with a larger WMC tend to outperform those with a smaller capacity in various aspects of language performance and acquisition. However, the debate over the nature of WMC limitations is still open. At the heart of this discussion is the question of whether individual differences in such a limited capacity system are the result of processing efficiency (DANEMAN; CARPENTER, 1980; BERQUIST, 1998; HARRINGTON, 1992) , or due to the availability of attentional resources (CANTOR; ENGLE, 1993; COWAN, 1993; .
The processing efficiency view of WMC (DANEMAN; TARDIF, 1987) posits that the greater an individual's efficiency in processing information, the greater the capacity left available for storage of the products of this processing and of material retrieved from long-term memory. This more efficient processing is believed to be highly task-specific (DANEMAN; GREEN, 1986; DANEMAN, 1991) , that is, an individual's WMC will vary according to his/her efficiency in the processes specific to the task with which WMC is being correlated.
One of the most powerful explanations on the nature of WM limitations is the Controlled-Attention View, proposed by Engle and colleagues (TURNER; ENGLE, 1996; KANE et al., 2001; . The basic argument of this view is that the ability to control attention is the major source of individual differences in WMC, especially in face of conflicts when individuals need to inhibit or suppress irrelevant information during the execution of a cognitive task. In this sense, those with more working memory capacity, the higher spans, as measured by complex span tests such as the reading, the speaking and the operation span tests, are better able to channel attention to specific pieces of information, preventing it to be captured by external and/or internal interfering thoughts (FELDMAN-BARRET et al., 2004) .
Regarding the relationship between WMC and speech production, based on Levelt (1989) , it is possible to view speech production as a process in which both controlled and automatic processes work in tandem to guarantee the execution of speech. In the specific case of controlled processes in speech production, an individual's capacity to manage attention is believed to be a key aspect in speaking performance (FELDMAN-BARRET et al., 2004) .
Within the realms of information processing theories (IPTs), controlled processes, that is, the allocation of attention to specific aspects of a task execution (such as L2 learning) constitute the first necessary steps towards language automatization (MCLAUGHLIN, 1987) . Thus, based on this IPTs view of learning and on studies of L2 development (for example, WEISSHEIMER, 2007), we suggest that L2 speech production is a process which requires controlled attention, at least and more so in the early stages of skill development in which practice is indispensable to automatize procedures and free attentional resources to be used by other higher-order processing (MCLAUGHLIN; HEREDIA, 1996) . Miyake and Friedman (1998) also suggest that L2 processing (in the case of this paper, speech production) is likely to rely on general learning mechanisms such as, for example WMC, more than L1 processing since there is less automatized linguistic knowledge to rely on in the L2.
Following this rationale, a number of researchers (BERQUIST, 1998; FORTKAMP, 1995; FINARDI; HARRINGTON, 1992; HARRINGTON; SAWYER, 1992; FRIEDMAN, 1998, among others) , seem to agree that WMC may vary in the course of L2 development as a function of increased command of the language and automatized linguistic knowledge. In bilinguals, the assumption that domain knowledge may impact scores of WMC is based on the low correlations found between measures of WMC in L1 and L2 (for example FINARDI, 2010; PREBIANCA, 2007) , which have led researchers to suggest that WM scores in L1 and L2 may be independently motivated to some extent.
Based on evidence that WMC is related to L2 speech performance and development, Finardi and Weissheimer (2009) aimed at verifying whether WMC scores experienced any sort of change in two distinct stages of L2 acquisition, bearing in mind that L2 processing gets more automatic as a result of increased knowledge of the language. Seventy-nine students of two different federal universities in Brazil were assigned into a basic or an intermediate group, according to their scores in the L2 proficiency test. They were also submitted to an L2 adaptation of Daneman's (1991) speaking span test. It was assumed that the relationship between WMC and speech production would be stronger in basic proficiency levels, in which the controlled processes involved in L2 speaking predominated. It was also assumed that as learners advanced in the L2 development continuum, controlled processes would be gradually automatized and less control (from WM) would be required during L2 speaking in more advanced proficiency levels. Based on these assumptions, Finardi and Weissheimer hypothesized that the means for the intermediate group would be higher than those for the basic group. Besides having confirmed this hypothesis they also found positive and statistically significant correlations between WMC scores and L2 proficiency measures.
In sum, results of Finardi and Weissheimer's study point to the conclusion that WMC seems to vary as a function of L2 speech proficiency. The explanation offered by the researchers for the difference in L2 WMC means (assessed in terms of an L2 speaking span test) across two L2 speaking proficiency levels is aligned with cognitive psychology models of skill development which see the performance on complex cognitive tasks as moving from a more controlled to a more automatized nature (ANDERSON, 1983; DEKEYSER, 2007) , that is to say, in the beginning, learners require more WMC to execute controlled processes which become automatized with practice, thus, freeing up WM resources to be allocated in the execution of other cognitive processes.
Thus, the difference in means found in Finardi and Weissheimer's (2009) study is understood to reflect different levels of automatization of L2 speech production, in the case of the intermediate group reflecting more automatized processes whereas the performance in the basic group would reflect more controlled processes.
According to Fortkamp (1995 apud FINARDI; ), the degree of proficiency learners have in the cognitive task being performed is a problem that researchers dealing with the psychometric correlational approach seem to be circumventing. Fortkamp (1995 apud FINARDI; suggests that further investigations can verify this issue more carefully by assessing individuals' WMC in various moments of L2 development and then observing whether this capacity is held constant.
An important step into trying to disentangle this issue is the study conducted by , which explored the relationship between lexical access, WMC and proficiency level in L2 speech production. One hundred L1 Brazilian students of English as a foreign language (EFL) performed three WMC tests -the Speaking Span Test in L1 and in L2 and the Operation Span Test in L1 (Ospan); two proficiency tests -an L2 semantic categorization task and the TOEFL iBT Speaking test -and a lexical access task in L2. Multiple regression analyses showed that the predictive power of the L2 SST is rather reduced when entered in the regression model together with a measure of L2 proficiency. This was the case, according to , because scores on the L2 SST and L2 proficiency scores were significantly correlated (r (100) =.584, p = 000). However, when WMC in L2, as measured by the L2 SST, was inserted in the regression model as a separate set of predictors (apart from proficiency), its main effect proved to be statistically significant in explaining bilingual lexical access.
Another relevant finding in was revealed by zero order and partial correlations run with the two proficiency variables obtained. The analyses indicated that L2 proficiency significantly explains a proportion of the variance in WMC, as measured by the SST in L2. The shared contribution of both proficiency measures to the L2 SST was 19%, supporting the claim that the L2 SST is somehow conflated with learners' L2 proficiency level.
Building mainly on Finardi and Weissheimer (2009) and , the present study aims at adding evidence to the thorny issue of variations in WMC in L2 by analyzing the relationship between WMC across languages and L2 speech proficiency levels using two languages and three proficiency levels. Based on the evidence that WMC is related to L2 speech performance and development, the focus of the present investigation is to verify whether WMC scores measured in L1 and L2 experience any sort of change in three distinct stages of L2 acquisition, assuming that L2 processing gets more automatic as a result of increased knowledge on the language.
Methods

Participants
In order to verify the extent to which WMC measured by a speaking span test in L1 and in L2 can help to understand L2 speech development, two WM tests were used, one in the L1 and another in the L2, both in the speaking mode. Sixty young adult learners of English as a foreign language participated in the study: 19 elementary, 19 intermediate and 22 advanced learners. No standardized proficiency test was applied in the present study though participants did an in-house proficiency test before starting their language courses. The criterion used for assigning them to different proficiency groups was to verify in which level students were enrolled at their English courses a week previous to data collection.
Data collection and analysis
The Speaking Span Test -L1 and L2
The monolingual version of the SST used in this study was partially adapted by Prebianca (2007) , following the original version designed by Fortkamp (1999) . The test consists of 60 unrelated words presented in sets of 2, 3, 4, 5 and 6 words each. Each 7-letters long word remains in the center of a computer screen for 1 second and is replaced by another one after each 10 milliseconds. After all words of a specific set have been presented, question marks appear on the computer screen and are followed by a noise which signals the moment when participants need to start formulating the oral sentences for each word they had seen in a particular set.
The L2 version of the SST used in this study, adapted from Fortkamp (1999) , similarly to the Portuguese version, also requires learners to memorize L2 words for further use in the oral production of L2 sentences. The test also consists of 60 unrelated words presented in increasing sets from to 2 to 6 words, which appear to participants in just the same way and time as in the L1 version. Individual measures of WMC in L1 and in L2 were calculated based on the total number of words for which participants were able to produce a grammatical and coherent sentence using the words previously memorized (see Appendix A for the stimuli for both SST tests and Appendix B for participants' individual scores).
The data were submitted to statistical analyses so as to determine whether the means for WMC measures (both in L1 and in L2) are significantly different for each proficiency level.
Results
In order to investigate whether L2 proficiency accounts for any variance in WMC scores, descriptive statistics for the scores on the L1 and L2 SST in the three levels of L2 proficiency were run. As Table 1 shows, WMC scores were found to be non-normally distributed for all proficiency groups. In the elementary and advanced proficiency groups only the scores for WMC in L2 presented skewness and kurtosis problems; whereas in the intermediate group, scores for both WMC in L1 and in L2 had skewness and kurtosis problems, respectively.
The highest possible scores for WMC in L1 and in L2 were both obtained by the advanced group -42.00 and 38.00 respectively. In addition, all three proficiency groups presented a better performance in the L1 version of the WMC test, as revealed by minimum and maximum scores. This tendency seems to be confirmed by the mean difference between measures of WMC, both in L1 and in L2, in the three proficiency groups. In order to check whether this mean difference was statistically significant, a KruskalWallis non-parametric statistical test was applied to the data. Results can be seen in Table 2 . As can be observed in Table 2 , the Kruskal-Wallis analysis indicates there is a significant difference in the L1 and L2 WMC medians among the three proficiency groups, X 2 (2, N = 57) = 10.88, p = .004 and X 2 (2, N = 57) = 16.64, p = .000, respectively. The proportion of variability in the ranked dependent variables (WMCL1 and WMCL2) accounted for by proficiency level was .19 and .29, respectively, indicating a stronger relationship between WMC and level of proficiency in the L2. This difference in variability in WMC in L1 and L2 is in line with results in , and seems to support Miyake and Friedman's (1998) claim that L2 processing requires more attention to be executed whereas L1 processing tends to be more automatized, thus yielding differences in WMC scores in the two languages. We will explore this issue further in the Discussion session.
In addition, these results also seem to confirm the hypothesis that L2 WMC, as measured by the L2 SST, is influenced by the amount of domainknowledge one has in that language, i.e. his/her proficiency level, as put forward by Harrington (1992) ; Berquist (1998) ; Harrington and Sawyer (1992) , Fortkamp (1995) ; Finardi and Weissheimer (2009); Miyake and Friedman (1998) , , among others. We will return to this discussion later.
Because the overall Kruskal-Wallis test proved to be statistically significant, pairwise comparisons were run so as to attest statistical significance to the patterns of WM variation found in the data. Tables 3 and 4 display the results of the Mann-Whitney U test for L1 and L2 WMC across proficiency levels. 
Discussion
The fact that the elementary group outperformed the intermediate one in both versions of the WMC test might be due to the presence of more higher-span than lower-span individuals within this group, which may also explain the advanced group's better performance in the L1 and L2 SST over the intermediate group. However, the finding that no significant difference was found for the mean ranks of WM in L1 between the elementary and the advanced groups, but was so in L2, indicates that WMC in L1 and L2 seem to rely on distinct abilities, offering support to the hypothesis that level of domain-knowledge (i.e. proficiency) in the L2 may explain a portion of the variation in L2 WMC scores (FINARDI; FINARDI, 2010; WEISSHEIMER; MOTA, 2011) .
Indeed, this finding, certainly the most important in this study, is in line with , which demonstrated that 19% of the L2 SST variation was accounted for by proficiency level in the L2. As advocated by , lexical access, the main process driving speech production (LEVELT, 1989) , qualifies as a serial search task which requires a number of controlled attention sub-processes in order to be successfully performed. In other words, proficiency level (processing automatization 1 ) might interfere with the quality of the sub-processes involved in L2 speaking, especially the ones underlying sentence formulation and lexical retrieval, such as (i) delimiting the lexicon search set adequately so as to restrict the number of lexical options; (ii) selecting the lexical item that fits the intended message and; (iii) monitoring the selection outcome. If L2 speakers are not proficient enough it is probable they will face great difficulties to execute these subprocesses as for they will need to resort to a greater amount of attentional resources to perform each step of retrieving the right words, thus overloading working memory capacity. If we consider that so as to produce L2 sentences orally speakers have to undergo a number of processes, among which are the need to hold many memory representations (especially the lexical items just retrieved) active in the focus of attention by blocking interfering stimuli while assembling them into a specific verbalization order so as to give them a phonetic shape; lack of automatized language processing routines (hereby understood as proficiency) might be extremely harmful to the production of fluent, mistakes-free speech, once more controlled attention will be needed to achieve a good performance on the task.
Results of our study also allow us to contribute with insights to the discussion on what WM tests really seem to measure. Unsworth, Redick, Heitz, Broadway and Engle (2009) have raised the potential significance of processing time, processing accuracy and correct recall (storage) measures when looking for the relationship between WMC and high-level cognition, instead of only examining the storage index. Ideally, as claimed by the authors, the processing indexes (time and accuracy) also contribute to form a global measure of WMC, as initially theorized for complex span tasks regarding the function of processing and storage of information in WM and should, therefore, be investigated. Unsworth et al. (2009) revealed that higher spans, the ones with higher measures of recall, were also the ones who processed information faster and more accurately. Moreover, results also showed that processing time and processing accuracy do not reflect the same construct -processing efficiency -, as suggested 1 To reiterate, in our view, L2 proficiency relates to knowledge of the foreign language, which develops in a continuum from a more controlled to a more automatic performance. This view is in line with assumptions of the Cognitive Theory which sees L2 learning as the learning of a complex skill, being composed of sub-skills which can become routinized through practice (MCLAUGHLIN, 1987) .
by some WMC theories (e.g. CONWAY; ENGLE, 1996; ENGLE et al., 1992 apud UNSWORTH et al., 2009 . On the contrary, they both presented unique contribution to high-order cognitive performance (fluid intelligence -gF -in this case), independently of each other. Despite the contribution of processing time and processing accuracy to gF scores variation, processing indexes did not fully mediate the relation between fluid intelligence and storage, suggesting that recall measures still relate to high-order cognition when partialling out processing efficiency. Unsworth et al. (2009) concluded that the variance in gF accounted for by processing time and accuracy reflect either some variance shared by both tasks -the complex span and the gF tests applied, or more basic differences in processing abilities. This suggestion is in line with Kane, Conway and Engle's (1999) claims about what WM complex span tests really measure (see details below in this discussion session).
Based on what has been discussed so far, we are inclined to agree that the construct of WM seems to be closely tied to the tasks that are used to measure it and also to the language in which participants are tested (HAMBRICK; ENGLE, 2002). Domain-specific span tests, like the one used in this study, predict that an individual who has processing expertise in a specific domain (in our case, L2 speaking) should have more attentional resources available for the storage components involved in the speaking span task, since this expertise can facilitate processing and thus free up attention to be focused on the maintenance of task relevant information. However, such domain-specific WM tasks have been challenged by a number of researchers (for example FELDMAN-BARRET; TUGADE; ENGLE, 2004) based on evidence which shows that people tend to perform consistently across several span tasks that require different types of computations to be made (e.g. mental rotation, arithmetic problems, sentence reading).
Kane, Conway and Engle (1999) explain that neither complex span task can provide a pure index of WMC once the working memory system is a composite of domain-specific and domain-general controlled attention abilities. Individual differences in WMC can then be influenced by individuals' personal skills on a particular processing, by their ability to keep relevant pieces of information activated in memory in face of distraction, or by both. However, what sustains the relationship between complex span measures and high-order cognitive processes is, according to the researchers, the outcome of the domaingeneral controlled attention component of WM (KANE, CONWAY; ENGLE, 1999) . Therefore, we claim that, in the present study, the L2 SST used might have measured participants' proficiency in the additional language (domain-specific knowledge) and not exclusively WMC, as our data suggest, since results show an opposite pattern for the L1 version of the test, which may have actually tackled participants' general attention control processes. In an attempt to minimize the issue of domain-specific versus domain-general abilities, complex span tasks that differ in the domain-specific component (for example the OSPAN) can be administered in future studies.
Evidence for a WMC and proficiency level interaction was also found in a recent study conducted by Van den Noort, Bosch and Hugdahl (2006) . L1 speakers of Dutch who had German and Norwegian as their L2 and L3, respectively, performed three WM tasks -a simple one that taps the storage component only (the digit-span task) and two complex span tasks that encompass storage and processing (the reading-span and the letter-number ordering task). In general, their results showed that differences in performance between L1 and the foreign languages can be found on both simple and complex working memory tasks, supporting the hypothesis that working memory capacity interacts with language proficiency (p. 295).
Moreover, Van den Noort, Bosch and Hugdahl's (2006) findings suggest that the relationship between WMC and foreign language proficiency might be language-specific, since their study was conducted with learners of languages that belong to the same linguistic group, for instance, the Germanic one. Therefore, researchers emphasize that it would be interesting to assess WM in languages that belong to different linguistic groups. In this sense, the results of our study, at first glance, seem to refute the language-specific hypothesis proposed by Van den Noort, Bosch and Hugdahl (2006) , once our data also showed that learners had a better performance on the L1 (Portuguese) version of the speaking span test if compared to the L2 version (English). In other words, the interaction between working memory capacity and proficiency level in the foreign language seem not to be language-specific, as the L1 and L2 languages tested in our study indeed belong to different linguistic groups (the Roman and Germanic ones, respectively). The discussion of WM assessment procedures is crucial in the field of Applied Linguistics, since comparing studies with distinct research designs (for instance, different languages and language groups) may lead to caveats and misconceptions as pointed out elsewhere (JUFFS; HARRINGTON, 2011; WEN, 2012) .
In sum, results in our study indicate that, although participants' performance in the L2 speaking span task seems to have been influenced by specific processing competencies (i.e. proficiency in L2), they did not fully account for the variability in SST scores, since it is likely that participants also differed in their domain-general ability to control attention. This only adds to the heated discussion on complex working memory span tasks and their relation to measures of higher-order cognition. It also suggests that debates focusing on the multifaceted nature of WMC and its relation to the complex skills are unlikely to be resolved by a single explanatory theory, such as processing efficiency or attentional view, but rather, by a combination of empirical data and theoretical accounts. Unsworth et al. (2009, p. 651) reinforce this idea, More work is needed to examine the multifaceted nature of working memory and to provide a finer-grained breakdown of the different working memory processes that influence not only performance on the complex span tasks, but also influence performance on all those tasks that have been found to be dependent on working memory. Only when all components of working memory are successfully integrated into the same model will we have a fuller understanding of working memory functioning.
In fact, Unsworth et al. have raised their voices to alert us that WM is not an undifferentiated pool of resources but rather that it represents a set of unique processes. They also claimed that a theory is needed to encompass all the components (recall, processing accuracy, processing time) and subcomponents in a single model acknowledging the fact that each component influences the others at the same time that it accounts for unique variance (2009, p. 651).
Conclusion
This study set out to investigate whether WMC varies across languages and in the course of L2 speech proficiency levels. Results have allowed us to conclude that WMC measured with a speaking span test in L2 seems to conflate the relationship between proficiency level and WMC, corroborating findings in and Finardi and Weissheimer (2009) .
This study does not go without some limitations. First of all, the lack of standardized proficiency test makes it hard for the researchers to argue in favor of a definite baseline. Further research should consider applying a proficiency test as a way of guaranteeing that all participants share the same level. In addition, the small sample size did not allow researchers to apply parametric statistical tests; therefore, results are less prone to generalization.
Besides, this study counted on different populations of learners (crosssectional); more reliable results could be generated by a longitudinal methodological design which, unfortunately, was out of the scope of this study. Longitudinal methodologies allow to trace the same participants from elementary to advanced levels, thus, providing more reliability to the data. Finally, future studies might consider using the Ospan test instead of the Speaking span test to verify which results might be yielded by a span test that does not include a language-specific processing component.
All in all, although we believe this study has shed some light on the problematic issue of whether or how proficiency conflates WMC scores, we also acknowledge that more research is surely warranted to fully understand the interface between WM and L2 speech production and development. 
